Seawater as an electrolyte makes metals and alloys suffer from corrosion deterioration. Among various corrosion forms, pitting corrosion is extremely hazardous for marine structures. It degrades the performance of metal materials and reduces the service life of equipment and facilities. The theory concerning pitting corrosion has gained a certain process. However, its behavior and mechanism in some special environments such as deep-sea environment are still not fully understood. Hence, a review involving these issues is a need. This paper summarizes the current progress in aspects of pit mechanism including pit initiation, metastable pit, propagation of pit and its affecting factors. The focus is the influencing mechanism of three interesting factors on metal corrosion covering passive film, hydrostatic pressure and mechanical load.
INTRODUCTION
The scientific activities and exploitation of mysterious ocean are proceeding at a high rate, bringing the rapid development of metallic materials for marine application. They are used in the construction offshore platforms, ships, underwater robot, deep-sea submersible, etc. due to good mechanical properties. However, most of them are susceptible to pitting corrosion in aggressive marine environment [1] . As one of the most hazardous forms of corrosion, it is usually the initiation of stress corrosion and corrosion fatigue crack, leading to the early catastrophic failure of structural materials. [2, 3] . Consequently, extensive concern toward their reliability has been given by many scientific researchers.
Pitting corrosion phenomena have been investigated for several decades. Some related theories have been reviewed by Kolotyrkin [4] , Szklarska-Sialowska [5, 6] and Frankel [7] . They have summarized some basic conclusions. However, it can be known in their reviews that a deeper insight into pitting corrosion process in atomic scale is still in need. Recently, Soltis [8] has given a detailed overview of pitting theory about metallic materials, focusing on events associated with passivity breakdown, pit initiation and pit growth. Meanwhile, Bhandari et al. [9] provide a technical review concerning pitting corrosion behavior of steels in marine environment and some typical affecting factors. However, mechanistic opinions are limited in their reports and several critical factors are not covered. In recent years, more and more corrosion researchers put their attention into passive film, hydrostatic pressure and mechanic load that have a significant impact on the corrosion behavior of metals and alloys. This part of the work has achieved considerable progress and needs to be reviewed timely for a favor of theoretical research and optimization of materials.
CHARACTERISTICS OF PITTING CORROSION
Pitting corrosion is defined as a localized accelerated dissolution of metal such as stainless steels, Fe-Cr alloy, Al alloy and nickel. Its initiation is usually related with the flaw or a breakdown in passive film covered on the metal surface [7, 10] . Events associated with pits occur randomly in space and time on metal surface that is exposed to aggressive solution and initiate at a nanometer scale. Moreover, its propagation process is autocatalytic in nature and hard to detect.
Pitting potential, Epit [11] , and repassivation potential, Er [12] , are two typical parameters used to depict pitting corrosion. For Epit, it is defined as the lowest potential that can maintain the stable propagation of pit and characterized by a sudden increase of current density in the anodic polarization curves [13] [14] [15] . More noble potential for Epit means that it takes shorter time for pitting initiation. Er is described as the potential that above which metastable pits have capacity to form and the existing pits can propagate again. It becomes a drop in current of cyclic voltammetry curves [16] . Both parameters are associated with testing parameters and environmental factors such as scan rate of electrochemical testing system [17, 18] , chloride concentration [19] , pH [20] , magnetic field [21] , flow velocity [22] , hydrostatic [23] the nature of metallic material and some other factors [24, 25] . In general, Epit preferentially increases with the increase of potential scan rate, but it shows independence of scan rate for Al or Al5Zn alloy. Additionally, Epit is a function of the chloride concentration and its activity. As the inhibiting ions remain constant in electrolyte, Epit decreases as the chloride concentration increases, showing a semi-logarithmic relationship. In general, the higher the chloride activity, the lower the Epit is. The accelerated pitting corrosion phenomena for many metals at high temperature or hydrostatic pressure is usually caused by the increased chloride activity. It can decrease Epit due to the improvement of the interaction between chloride and metal surface.
Passivity breakdown
The process of pitting growth has been identified as distinct steps, namely passivity breakdown, pit initiation, metastable propagation and stable propagation. It is generally accepted that the passivity loss of passive metal and the origin of corrosion pits can be mainly caused by three mechanisms: penetration mechanism, film breakdown mechanism and adsorption mechanism [7] . In penetration mechanism, the aggressive ions with small size such as Cl -, Br -and I -have a ability to penetrate the oxide film under the condition of high electric field and incorporate into the film, forming a penetration path that is more electrically conductive than the origin one [26] [27] [28] [29] [30] . The reaction between penetrated ions with oxide lattice leads to the vacancy at the metal-film interface, so that the film possibly undergoes destruction by local stress caused by the condensation of vacancy [31] [32] [33] . Compared with penetration mechanism, the model in film breakdown mechanism considers that the appearance of breaks in passive film is caused by the adsorption of aggressive ions rather than the local stress at the metal-film interface. These adsorbed ions can reduce the surface tension of passive film, inducing its crack and providing a path for the diffusion of anions [34] [35] [36] . The pressure vertically applied on the film is related with the decreased surface tension, film thickness and electric fields across the film [36] . As it exceeds to a critical breakdown stress, the crack will arise in passive film, causing pit initiation.
The adsorption mechanism involves the adsorption of aggressive anions on the surface of oxide film, leading to the hybridization of oxide lattice in the surface layer. The anions can more easily transfer from electrolyte to oxide film [37] [38] [39] . Hence, oxide films preferentially dissolute at the sites where aggressive ions are adsorbed. Due to higher electrical field strength across the oxide film, the migration of metal ions can be accelerated. The increased local dissolution at these sites encourages the initiation of pits [40] [41] [42] .
Other mechanisms are associated with the chemical composition difference on metal surface that is the onset of pitting initiation. Sites of chemical composition difference include the irregular arrangement of Fe and Cr in binary lattice [43] [44] [45] [46] [47] , inclusion (usually MnS, CaS, MnAl2O4 or Al2O3) [48] [49] [50] [51] and metal-inclusion interfaces [52] [53] [54] [55] [56] . The galvanic couple formed by connecting the area of composition segregation with matrix induces the initiation of pits. In recent years, the observations of pitting initiation at the metal-inclusion interface were well characterized on a nanometer scale by many researchers. Some chromium-depleted zones around MnS particle illustrated in Fig. 1 were found by Ryan et al. [57] An iron sulphide enriched 'halo' near MnS inclusion with a thickness up to 100nm was detected by Williams et al. [58] Additionally, Jin et al. [59] examined the electrochemical heterogeneity between inclusion and the adjacent steel matrix by localized electrochemical impedance spectroscopy. 
Metastable pitting
Metastable pitting, a critical stage of pitting corrosion, occurs below the critical pitting potential. There is an induction time before the onset of stable pits [60, 61] . The transition from metastable growth to stable growth depends on a certain condition and the dynamic aspects concerning this transition is a need for further research [62] [63] [64] . It has been widely observed that some fluctuations of current exist before the formation of stable pits. Different stages of corrosion pits before stable pits can be distinguished from the tendency of current [65] [66] [67] [68] [69] . The current that rises suddenly, decays continuously and slowly decreases to background level presents the nucleation of pits [70, 71 [, while the current that rises slowly, followed by sudden decay demonstrates the metastable growth of pits, as shown in Fig. 2 [72, 73] . The dynamic of metastable growth is related to the potential, local chloride concentration and pH reduction inside the pit. The passivity of metals is possibly interrupted even below the critical pitting potential due to the existence of aggressive anions [74] . Under a certain condition, metastable pits can continuously propagate at a potential lower than pitting potential and this condition is determined by the active dissolution of metal and the diffusion of metal cations from the pit to the bulk solution [75] [76] [77] [78] . As the diffusion rate of metal cations is lower than the dissolution rate of metal, the hydrolysis of dissolved metal cations will give rise to local acidification inside the pit accompanied by increased chloride concentration and pH reduction. As a result, the propagation of metastable pits can be further accelerated [79] [80] [81] .
Pit propagation
As a pit propagates, the metal will dissolute at a high rate within the occluded cavity while the adjacent areas around pits sustain passive state. This process is predominated by the diffusion of ions [82] [83] [84] [85] [86] . The growth dynamics of pits relate with the local acidic conditions in the interior of pits. This opinion was first proposed by Hoar [87] . Afterwards, Galvele [88] developed a detailed model to describe the pitting propagation caused by localized acidification. In this model, it is assumed that there is always a passive film existing on the metal surface and the metastable pit is the evidence for film rupture and its self-healing process. Galvele found that localized acidification depends on pit depth, x, and current density, i. It is a function of x  i that is a critical parameter to determine whether the pit is in propagation or repassivation. The propagation of pits is an autocatalytic process [89] [90] [91] [92] . Metal on surface dissolves due to the attraction of aggressive ions such as Cl -. The hydrolysis of metal ions leads to the reduction of pH and the reaction is given by:
Me+ Cl MeCl n n 
(1)
To balance the electron equilibrium within the cavity, the Cl -from the bulk electrolyte transfers into the cavity, resulting in the increase of chloride concentration, therefore, further stimulating the growth of pits [90] [91] [92] .
FACTORS AFFECTING PITTING CORROSION
Seawater is an electrolyte enriched in aggressive Cl -where metallic materials usually subject to pitting corrosion. The influencing factors in filed environment associated with metal corrosion involves temperature, dissolved oxygen, pH, salinity, protective film, flow velocity, hydrostatic pressure, mechanical load, metallurgical factors, etc. The aspects about the relationship between a part of typical factors with pitting corrosion has accessed considerable achievements and this part of content has been reviewed by Frankel [7] , Soltis [8] , and Bhandari et al. [9] . They mainly consist of temperature, dissolved oxygen, pH and salinity. Due to the increasing interest in the ocean depth and field operating condition, the factors of passive film, hydrostatic pressure and mechanical load gain more and more interest of scientists and engineers in the past decades, which is presented in the following sections.
Passive film
It is well known that passive film can provide an excellent protection to the uniform corrosion attack for passivated metals and alloys due to their dense structure and good adhesion to steel surface However, these films are susceptible to local dissolution or breakdown, leading to the initiation of pits. As a result, it is beneficial to give an insight into the nature of passive film, its growth mechanism and breakdown.
The nature of passive film
Generally, the passive film on stainless steel [93] [94] [95] [96] [97] [98] , Fe-Cr alloy [99] [100] [101] [102] [103] [104] and Fe-Cr-Ni alloy [105] [106] [107] [108] [109] exhibits a distinct bi-layer structure with a Cr-oxide inner layer and Fe-oxide outer layer, which possess a few nanometers in thickness. Reprinted with permission from reference [109] . Copyright 2018 Springer Nature. Fig. 3 presents a cross-sectional HRTEM images of the passive film formed on Fe-Cr-Ni alloy [109] . The passive film with a thickness of several nm shows an amorphous structure, in which some nanocrystals are embedded. The information of element distribution at a cross section of Fe-Cr-Ni alloys is illustrated in Fig. 4 . The Cr enriched site locates in the lower part of the passive film with a depletion and an enrichment of Fe distributes in the upper part of the passive film, which demonstrates their bilayer structure. Mott-Schottky plots also well describe the duplex layer of passive films that have an ptype inner chromium oxide layer and an n-type outer iron oxide layer [110] [111] [112] [113] .
The growth of passive film
The nucleation and growth of passive film on the metal surface depend on the solution environment and applied potentials. In alkaline aqueous solution, the onset of the growth of passive film is the adsorption of OH -at low potential, followed by the reaction [114] [115] [116] :
Me OH Me(OH) n n ne
Therefore, it induces the formation of a 2D adlayer which is a precursor for the growth of 3D oxide film. For a single-crystal passivated metal with smooth terraces on its surface, the nucleation generally occurs at the step edges, which possesses higher reactivity due to more pre-existing defects. Metal at these sites preferentially reacts with OH -, forming poorly crystallized hydroxide. The reactive regions expand laterally with time and finally cover completely the terraces. 3D growth of oxide film on the preformed 2D adlayer is predominated by applied potentials corresponding to the driving force for oxide formation. As the potential exceeds a critical value, the 2D adlayer grows along the direction perpendicular to the metal surface and forms well crystallized oxide film with a thickness of several monolayer [115] [116] [117] . As for stainless steels with polycrystalline structure, the thickness of passive film can grow from several nanometers to dozens of nanometers with increasing potential. Crystalline structure and amorphous phase can be at the same time obtained at various potentials [118] [119] [120] [121] [122] [123] [124] . The growth of passive film, a thermodynamic dynamically process, can be interpreted by the chromium passivation mechanism in acidic solution. As the metal with a fresh surface is exposed to acidic media, the active chromium is covered by a hydride layer preceding the formation of passive state [125] [126] [127] . The reaction is given by:
Because of much lower potential for the stable growth of Cr2O3 than Fe2O3, the Cr2O3 will nucleate and grow preferentially at metal/solution interface, followed by the growth of Fe2O3. Finally, it causes the formation of the double layer structure of passive film [128] [129] [130] [131] [132] .
Numerous works have been conducted to demonstrate that grain refinement benefits the corrosion resistance of passive film [133] [134] [135] [136] . It was reported that passive film formed on nanocrystalline (NC) stainless steel is more compact and uniform than coarse crystalline (CC) stainless steels [135, 137] . The reason can be attributable to the larger percentage of Cr 3+ and Cr enriched in passive film or film/solution interface [138, 139] . Additionally, it was also found that the passive film of sputtered NC stainless steel exhibits higher elastic modulus and hardness compared with conventional CC stainless steel [140] .
Factors related with the breakdown of passive film
Grain boundaries as the preferentially dissolved sites, play a significant role in the breakdown of passive films due to their nanostructural defects. These micro defects are characterized by nanopits with a dimension of several to dozens of nanometers and can be observed by STM or AFM images [141] [142] [143] [144] . The formation of nanopits can be attributed to the competitive dissolution during the growth of oxide film preceding the stable passivity of the metal surface. Their sizes are increased by the increasing potential in passive region and chloride content. The nanopits with defective nature have less resistance to the migration of ions, thus, undergo less potential across oxide film at these sites. A larger potential drop applied at the metal/oxide interface will accelerate the dissolution of the oxide film at these sites, leading to passivity breakdown or the outwards diffusion of metal ions at the metal/solution interface. Finally, the collapse or ruptures in passive film appear [145, 146] . The opinions concerning the role of Cl -in the breakdown of passive films have great controversy.
Evidences provided by some reports revealed that chloride was adsorbed on or incorporated into the passive film of stainless steel or Fe-Cr alloy, while other investigations presented the contradictory results [147] [148] [149] [150] [151] [152] . Take a look at the experimental details, it will be found that the presence of Cl -in the oxide film is associated with the growing condition of passive film. The passive film formed from a fresh surface in the Cl -solution was observed to have the evidence of Cl -, while passive film regrown from preformed passive film or air-formed oxide film in the Cl -solution showed that Cl -was not observed [153] [154] [155] [156] . Therefore, it can be postulated that Cl -can reduce the thickness of the oxide film by absorbing on the oxide film surface and disturbing film growth.
Hydrostatic pressure
Generally, field corrosion tests and laboratory experiments are adopted to investigate the corrosion of metallic materials in deep sea environment. The corrosion data obtained from field corrosion test is accurate and explicit while it is applicable for laboratory experiments to study the corrosion behavior in the mechanism aspects because of controllable factors.
Ocean depth in the field tests
Hydrostatic pressure is a unique factor for deep-sea ocean. It increases with water depth with 1atm increase for each increased 10m. The relation between this mysterious factor with corrosion arouses the interest of many research institutions. Investigations concerning field corrosion in deep-sea environment were initiated by the Civil Engineering-Naval Construction Battalion Center (NCEL), Port Hueneme, California in 1960. The testing specimens of 475 different alloys including cast iron, stainless steel, copper, nickel and aluminum were exposed in the Pacific Ocean at a depth of 762 and 1829m respectively. The effect of water depth on the general corrosion rate is not readily distinguished while aluminum and 6061-T6 alloy withstand a more severe pitting corrosion under deep-sea environment [157] . The information obtained from other researchers (Ulanovskii and Egorova [158, 159] , Reinhart [157] , Melchers [160, 161] , Qin and Cui [162] , Salau et al. [163] , Sawant and Wagh [164] , Venkatesan et al [165, 166] .) reveals that hydrostatic pressure has little influence on the weight loss of tested metals in a short-term corrosion duration and the reasons may be that oxygen concentration and water temperature play a critical role in different immersion depths. Although the general corrosion of most metallic materials under varying immersion depths does not exhibit a significant difference, their local corrosion such as pitting corrosion and crevice corrosion specifically for passivated metals is affected by hydrostatic pressure indeed. Therefore, it is a need to conduct laboratory tests to evaluate the influence of hydrostatic pressure on the corrosion of metallic materials in depth.
Hydrostatic pressure in laboratory tests
According to Gutman's mechanistic chemistry theory [167] , the change of potential,   , on the metal surface, is related to the pressure exerted on its surface, which can be given by:
Where P  is external pressure, m V is the molar volume of the matrix (m 3 /mol), z is the valence of the element, and F is the Faraday constant. From equilibrium equation (5), it can be known that the increasing hydrostatic pressure reduces the potential of metal surface and promotes its dissolved activity. It is demonstrated by many investigations that hydrostatic pressure is able to deteriorate the local corrosion of many metal materials from some aspects listed as Fig. 5 . Beccaria et al. [168, 169] found that hydrostatic pressure increases the pitting susceptibility of pure aluminum and 5086Al alloys. More localized corrosion zones and deeper pits was examined, suggesting that hydrostatic pressure increases the activity of Cl -. Moreover, the increased permeability of Cl -in passivation film changes the composition and structure of the passivation film, degrading its corrosion resistance. In their investigations, the passivated layer formed on pure aluminum is primarily composed of AlO(OH) at high pressure that has less corrosion resistance compared with the amorphous Al(OH)3 layer formed at ambient pressure. Afterwards, the results offered by Junghans et al. indicate that the increasing hydrostatic pressure accelerates the interactions of the oxide film formed on the sputtered Al layer with Cl -and H2O in the preliminary stages of corrosion [170] . Zhang et al [171] . investigated the effect of hydrostatic pressure on the pit corrosion of Fe-20Cr alloy using a stochastic analysis. Their results reveal that the pitting susceptibility of Fe-20Cr alloy is increased at high hydrostatic pressure, which is characterized by lower pitting potential and passive current accompanied by faster pit generation rate and larger metastable pits.
Zhang et al [172] [173] [174] [175] [176] [177] [178] [179] . using high-resolution TEM and XPS to observe the difference of composition and structure in passive film of 316L stainless steel. Passive film obtained at 80 atm exhibits a more inhomogeneity in thickness compared to that at 1 atm, showing an evident thickness fluctuation. In addition, high hydrostatic pressure causes the decrease of the Fe(III)/Fe(II) ratio and Cr(III)-oxides in passive film, making it has lower stability. However, an investigation offered by Wang et al. indicates that pitting corrosion resistance is improved by increasing hydrostatic pressure, which are characterized by more noble pitting potential and larger charge transfer resistance [180] .
Hydrostatic pressure also plays a significant role in the corrosion of low alloy steel. According to the reports from Yang et al. [181] , hydrostatic pressure accelerates the anodic process and reduces the charge transfer resistance at the solid/liquid interface. Additionally, it promotes the initiation rate of metastable pitting and the growth probability of pits. However, the mechanism corresponding to these pitting phenomena of low alloy steel is not well distinguished so far. The corrosion pits of low alloy steel originate from inclusion of MnS both at high hydrostatic pressure and ambient pressure. But hydrostatic pressure accelerates pit growth parallel to the steel surface and the coalescence of neighboring pits [182] . Therefore, more severe uniform corrosion is observed [183] . For corrosion kinetics, it obviously accelerates the corrosion rate of low alloy steel in the initial immersion due to enhanced Cl -adsorption and gives rise to the formation of more conductive rust layer [183] [184] [185] .
Mechanical load

Elastic stress
In actual service condition, it is inevitable that metal structures withstand mechanical loads including stress and strain caused by equipment operation, which have a significant effect on the corrosion of metallic materials. Many studies have shown that stress (including constant and alternating stresses) can accelerate the corrosion rate of metallic materials [186] [187] [188] .
The lattice defect density of the matrix surface is increased as applying external stress on its surface, which improves the nucleation probability of pits. Additionally, it is beneficial for stress to stimulate the interaction between precipitates and inclusions with their surrounding matrix, as a result, giving rise to the increase of dislocation density and atomic activation energy in the two-phase junction regions. That is, it enhances the dissolution of impurity phase. As the stress reaches a critical value, cracks will occur at the junction regions between matrix and inclusions, inducing the dissolution of matrix. Moreover, as the pits are formed, the stress will concentrate at the bottom of pitting cavity, leading to local deformation of corrosion pits, which enhances the corrosion attack on metallic materials [189] [190] [191] [192] [193] .
Wang et al. [194] used the finite element method to study the effect of stress on the metastable pitting of stainless steel. It was found that stress significantly improves the pitting current of stainless steels and decreases the incubation time of pits. It accelerates the evolution from metastable pitting to stable pitting. The effect of stress on the pitting potential of stainless steel is related with the number and size of the inclusions contained in steel. An investigation from Suter et al. [195] indicates that as the stainless steel exists a number of inclusions, the pitting potential shifts to more negative values meanwhile maintains a steady value as the inclusions are excluded.
The influence of stress on the corrosion behaviors of metals and alloys depends on its direction, size and distribution. Navai [196, 197] 196 found that the passivation film formed on the surface of stainless steel under tensile stress condition has a greater thickness than compressive stress. Nevertheless, the passivation layer formed under compressive stress condition has higher Cr content and more dense structures than tensile stress. Decuzzi et al. [198] found that elastic stress has no effect on the corrosion potential of X100 steel. As the stress reaches a critical value, the atoms on the surface become unstable. It reacts with aqueous solution, causing the variation of surface morphology. Srolovitz [199] demonstrated the relationship between initial critical roughness wavelength, c, and uniaxial elastic stress,  2 , which is given by:
From Equation (6), it can be seen that for the surface with a smaller initial surface roughness, c , a larger uniaxial elastic stress is needed to make the surface atoms unstable. It is necessary that the elastic stress reaches a certain critical value to accelerate the corrosion rate of metallic materials. Tang et al. [200] found that as the applied stress exceeds more than 80% of the yield strength of steel, the accelerated corrosion behavior on anodic dissolution becomes obvious. The initial surface roughness wavelength of steel depends on its phase compositions and grain sizes. Zhang et al. [201] found that the corrosion rate of sing-phase bainitic mild steel is greater than two-phase low alloy steel under elastic stress condition due to smaller initial surface roughness wavelength. The protective layers formed under dynamic loading condition have a higher charge transfer impedance than static loading condition. It indicates that steel suffers corrosion attack more easily under dynamic loading condition. It is proposed by the related theory of surface stress / chemical reaction that chemical reaction proceeds along the direction of smoothing solid surface as no stress is applied due to the high dissolved activity of sharp peaks on metal surface, but making surface rougher under stress condition because the stress will concentrate on the bottom of scallops and stimulate the dissolution of matrix at these sites, as shown in Fig. 6 [202] [203] [204] [205] [206] . Therefore, precipitates generated by the hydrolysis and oxidation of the Fe 2+ /Fe 3+ in the solution preferentially grow along the direction of roughening substrate surface. The rust layers formed in this case have unsound structures with lower corrosion resistance. A report by Gao et al. shows that the rust layers formed under elastic load possess more porous structure, in which aggressive Cl -can more easily diffuse from electrolyte to matrix surface. Therefore, the corrosion process is accelerated [207] . Yang et al. investigated the effect of stress distribution on the corrosion behavior of Q235 steel. They found that non-uniform stress distribution has an effect on the surface potential. It can cause the formation of galvanic couples on steel surface, stimulating the nucleation and pitting propagation of steel [208] . Ma et al. focused on the relationship between cyclic alternating load with the MnS-induced pitting corrosion behavior for A537 steel. It was found that the growth rate of pitting corrosion along the width direction is higher than the length and depth direction because of the local plastic deformation along this direction. Meanwhile, cyclic stress amplitude had no evident effect on the pitting growth of pure aluminum. Nowadays, the influencing mechanism of cyclic alternating load on corrosion behavior of steel is not readily understood [209, 210] . Figure 6 . The effect of stress on surface roughness.
Plastic strain
As the stress is more than the yield strength, the material undergoes irreversible plastic deformation, and this part of deformation is denoted as plastic strain. Plastic deformation can lead to the generation and accumulation of dislocations. The dislocation density of steel increases with increasing deformation. The surface dislocation initiates to transfer into dislocation cells as the deformation increases to a threshold [211, 212] . When the strain exceeds a critical value, martensitic transformation occurs on the steel surface [213] [214] . In acidic solutions, the atoms near the dislocations have high activity, degrading the corrosion potential and accelerating the anodic dissolution of metal [215] [216] [217] . However, in special environments (such as the PEMFC environment), a certain amount of plastic deformation can enhance the corrosion resistance of steel because it inhibits the formation of hydroxide at dislocation sites, which is beneficial to the generation of protective oxides [211] .
The comments concerned with the relationship between strain-induced martensitic transformation and the corrosion behavior of steel arouse a lot of controversy. A report from Mordyuk et al [214] . shows that strain-induced martensitic transformation not only improves the corrosion potential of 231 stainless steel, but also reduces the passivation current density. Meanwhile, Hamada et al. [218] did not observe the accelerated corrosion phenomenon caused by plastic-induced martensitic transformation.
Alvarez et al. found that the anodic dissolution rate of austenitic stainless steel is not only affected by the content of the transformed martensite, but also the distribution of martensite. The plastic deformation plays a more significant role in the acceleration of the corrosion process than elastic deformation [219, 220] . Gutman et al. [217] illustrated that a linear relationship between anodic dissolution rate with plastic deformation is not demonstrated. But interestingly, there is a peak that is related to the reorganization of dislocation groups.
Generally, dislocations and slip bands induced by strain are prone to roughen the steel surface. A plastic deformation-roughness variation model proposed by Dai and Chiang 190 is widely accepted, which is given by:
Where R is the surface roughness after plastic deformation, R0 is the roughness before deformation, k is the coefficient, d is the grain size, and  is the deformation. According to equation (8) , it can be seen that the surface roughness related to the potential distribution presents a linear relationship with plastic strain [221, 222] .
The oxide film formed under plastic deformation conditions has more inhomogeneous structures and defects. It benefits the diffusion of aggressive anion across the oxide layer, deteriorating its corrosion resistance [223] . The uneven distribution of surface potential is prone to the formation of localized corrosion including crevice corrosion and pitting corrosion [224] [225] . In addition, the junction regions between plastic deformation induced martensite and matrix is detrimental to the formation of passivated oxide layer and becomes the diffusion channels for aggressive ions [196] . Due to the significant difference in strength and toughness between the substrate and the formed oxide film, the oxide film is easy to rupture as the strain exceeds a critical value, crit, which is given by: 
Where γ is the surface rupture energy (J/m 2 ), A is a coefficient, f is a constant between 0 to 1, and h is the thickness of the oxide film. Robert et al. found that strain with a low level do not affect the loss of rust formed on steel surface. As the strain applied is close to yield strain of the steel, significant mass loss and cracks appears [216] .
CONCLUSION
Pitting corrosion as a localized accelerated dissolution of metal is initiated at the flaw or a breakdown site of passive film on the metal surface. The pitting process has been identified as distinct stages, namely pit initiation, metastable propagation and stable propagation. Some typical factors such as temperature, dissolved oxygen, salinity, pH, flaw rate have been reviewed by many researchers. In recent years, investigations about the influencing mechanism of oxide film, hydrostatic pressure and mechanical load on the corrosion of metallic materials have gathered much interest and attention.
Generally, passive film with several nanometers in thickness for stainless steels and Fe-Cr alloys has a bilayer structure composed of an Cr-oxide inner layer and Fe-oxide outer layer with an amorphous structure. 3D growth of passive film originates from a 2D adlayer, determining the structures and properties of passive film, which depends on the solution environment and potential. Grain boundaries play a significant role in the breakdown of passive films due to their nanostructure defects. Investigations from laboratory experiments reveal that hydrostatic pressure deteriorates the corrosion resistance of many metallic materials including aluminum, aluminium alloys, Fe-Cr alloy, low alloy steel and nickel. Meanwhile it increases their pitting sensitivity. However, mechanism aspects about this field need further study. Mechanical load accelerates the corrosion of metallic materials via some mechanisms covering the generation of lattice defects density, accelerated interaction between inclusion and their surrounding matrix, concentration of stress in the corrosion pits, the change of potential distribution, and the breakdown of passive film. Distinguishing the single function of these factors and their inner connections is essential for understanding the corrosion mechanism of metals and alloys under multi-factor coupling conditions.
